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DECLARATION 



The undersigned, Jan McLin Clayberg, having an office at 
5316 Little Falls Road, Arlington, VA 22207-1522, hereby states 
that she is well acquainted with both the English and German 
languages and that the attached is a true translation to the best 
of her knowledge and ability of the International Patent 
Application PCT/EP 2004/052967 of HEINSTEIN, A , entitled "METHOD 
FOR OPERATING AN INTERNAL COMBUSTION ENGINE" . 

The undersigned further declares that the above statement 
is true; and further, that this statement was made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United states Code and that such willful false 
statements may jeopardize the validity of the application or 
document or any patent resulting therefrom- 
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The invention is based on a method for operating an internal combustion 



engine as generically defined by the preamble to claim 1 . The invention also 
relates to a corresponding control unit for an internal combustion engine. 

A method and a control unit of this kind are known from German Patent 
10 Disclosure DE 197 43 492 A1 . A direct-injection internal combustion engine is 
described there, in which in normal operation, the fuel can be injected directly into 
the combustion chamber of the engine even during the compression phase, as 
well as other phases. 

15 For starting the engine, it is proposed there that the fuel be injected directly in 
a first injection into the particular combustion chamber whose piston is in the 
working phase. After that, the fuel is ignited with the aid of the spark plug 
belonging to that combustion chamber. Next, fuel is injected into the other 
cylinders of the engine and ignited, so that the engine begins a rotary motion. 



Since in the method described no electric starter is necessary, this method is 
also known as direct starting. 

For detecting the working phase of the individual cylinders of the engine, it is 
25 provided in DE 197 43 492 A1 that the rpm sensor of the engine be embodied as 
an absolute angle sensor, which is capable of indicating the rotary angle of the 
engine at any time, and hence even after the engine has been stopped. 

For preparing for a direct start, it is known from German Patent Disclosure DE 
30 199 60 984 A1 to put the engine, as it comes to a stop beforehand purposefully 
into an angular position that is advantageous for the direct start. For that end, a 
valve controller is provided there, with which a desired piston runs to a stop 
purposefully, for instance at an angular crankshaft position of 90 degrees after top 
dead center. 
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Object and Summary 

The object of the invention is to create a method for operating an internal 
5 combustion engine and a control unit for an internal combustion engine which are 
constructed simply and economically. 

This object is attained according to the invention by a method as defined by 
claim 1 and a control unit as defined by claim 8. 

10 

With the aid of the two output signals according to the invention, it is possible 
for instance to ascertain the particular cylinder whose piston is in a working phase 
at the time. For the sake of a direct start, fuel can then be injected into that 
cylinder first. 

15 

One advantage of the method of the invention is that no absolute angle sensor 
is necessary. Instead, it suffices to ascertain the two output signals, in particular 
with the aid of two sensors, that are associated with two camshafts, for instance, 
or with one crankshaft and one camshaft. Such sensors are substantially simpler 
20 in construction and thus substantially less expensive than absolute angle sensors. 

In an advantageous refinement of the invention, the two output signals are 
subjected to an AND or OR operation. It is thus possible to ascertain whether a 
direct start appears readily possible or appears possible only under certain 
25 peripheral conditions. Thus by these provisions, the reliability of the direct start to 
be performed is charged beforehand. 

Further characteristics, possible applications, and advantages of the invention 
will become apparent from the ensuing description of exemplary embodiments of 
30 the invention, which are shown in the drawings. All the characteristics described or 
shown, on their own or in arbitrary combination, form the subject of the invention, 
regardless of how they are summarized in the claims and regardless of the claims 
dependencies and regardless of how they are worded or shown in the description 
and in the drawings. 
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Fig. 1 shows a schematic timing diagram of the sequence of the intake, 
compression, work and expulsion phases of a four-cylinder internal combustion 
engine; Figs. 2a and 2b show schematic timing diagrams of the output signals of a 
5 first exemplary embodiment of a phase transducer; Fig. 3 shows a schematic 
timing diagram of an outcome that characterizes the working phases of the 
individual cylinders of the engine of Fig. 1; Figs. 3a through 3d show schematic 
timing diagrams of the output signals of a second exemplary embodiment of a 
phase transducer; and Figs. 5a through 5c show schematic timing diagrams of 
10 outcomes that characterize the working phases of the individual cylinders of the 
engine of Fig. 1. 

In Fig. 1 of the present patent application, the sequence of the individual 
phases of an internal combustion engine is shown over time. These phases 
15 correspond to the cycles of an internal combustion engine as shown and 
described in further detail in DE 197 43 492 A1 . 

In Fig. 1 of the present patent application, the engine has four cylinders Z1 , Z2, 
Z3, Z4. In each of these cylinders, in an intake phase S, air is first aspirated into 

20 the combustion chamber via the intake manifold of the engine. Then, in a 
compression phase V, the aspirated air is compressed in the combustion 
chamber. Simultaneously in this compression phase V, the fuel is injected via an 
injection valve directly into the combustion chamber. In an ensuing working phase 
A, the fuel present in the combustion chamber is ignited with the aid of a spark 

25 plug. The fuel combusts, and the resultant expansion of the fuel-air mixture sets 
the piston of the engine into motion. After that, in an expulsion phase B, the 
combusted fuel-air mixture is expelled from the combustion chamber. 

By now, the crankshaft of the engine has passed through an angle of 720 
30 degrees, and the aforementioned phases of the engine can begin over again. 

The individual phases S, V, A, B in the individual cylinders Z1 , Z2, Z3, Z4 are 
controlled or regulated with the aid of at least one camshaft and associated valves. 
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The aforementioned phases take place offset from one another in the various 
cylinders of the engine. The sequence of the cylinders shown in Fig. 1 
corresponds to the known sequence of four-cylinder engine, namely Z1 -> Z3 -> 
Z4 -> Z2 -> Z1 -> etc. 

5 

In Figs. 2a and 2b, output signals P1 , P2 of a first phase transducer are 
shown, which is associated with the engine of Fig. 1. For generating these output 
signals, two transducer wheels are provided, and each of the transducer wheels is 
assigned one sensor. If there are two camshafts, which is assumed in the present 
10 exemplary embodiment, then these two camshafts are each provided with 
transducer wheel. If there is only one camshaft, then the crankshaft and the 
camshaft can each be provided with one transducer wheel to generate the output 
signals. 

15 It is also possible for there to be only a single, so-called two-track transducer 
wheel, which is located on the single camshaft and to which a corresponding 
sensor is assigned. 

The sensors are in particular so-called true-power-on sensors, which are 
20 already capable as soon as the engine is turned on of detecting the position of the 
transducer wheel without any rotation of the transducer wheel. Such a sensor is 
described for instance in German Patent Disclosure DE 100 44 741 A1. 

The two transducer wheels are embodied such that the two sensors generate 
25 the output signals P1, P2 as shown in Figs. 2a and 2b. 

The output signal P1 always changes its value whenever a transition is taking 
place between successive phases in Fig. 1. The output signal P1 has the values 
"0" and "1". The output signal P1 thus characterizes the individual phases of the 
30 engine. 

The output signal P2 is generated independently of the output signal P1 . The 
output signal P2 always changes its value at every other transition between 
successive phases of Fig. 1. The output signal P2 likewise has the values "0" and 
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In Fig. 3, an outcome E is shown, which characterizes the working phases of 
the various cylinders of the engine of Fig. 1. The outcome E is the outcome of a 
5 combination of the output signals P1 and P2, as follows: If P1 = 0 and P2 = 0, 
then E = Z1; if P1 = 1 and P2 = 0, then E = Z3; if P1 = 0 and P2 = 1, then E = Z4; 
and if P1 = 1 and P2 = 1, then E = Z2. 

The cylinder indicated in the outcome E is always the particular cylinder that is 
1 0 located in its working phase A. Thus by way of the outcome E, it can be 

ascertained at any time what phases the individual cylinders of the engine are 
currently located in. 

In operation of the engine, for preparing for a direct start, the engine as it is 
15 coming to a stop is purposefully put into an angular position that is advantageous 
for the direct start. This can be done for instance as in DE 199 60 984 A1. 

In an ensuing direct start, with the aid of the two output signals P1 and P2 of 
Figs. 2a and 2b, the particular cylinder of the engine that is currently in its working 
20 phase A is determined. This cylinder can be ascertained immediately with the aid 
of the aforementioned true-power-on sensors. 

Fuel is thereupon first injected into that cylinder first and ignited. After that, the 
fuel is successively injected into the further cylinders and ignited. Overall, a direct 
25 start of the engine is thus possible because the engine as it slows to a stop is 

prepared for an ensuing direct start, and because the cylinder that is in its working 
phase is ascertained by means of a phase transducer. There is no need for an 
absolute angle sensor. 

30 In Figs. 4a through 4d, output signals P1S1 , P1S2, P2S1 , P2S2 of a second 
phase transducer, which is associated with the engine of Fig. 1, are shown. This 
second phase transducer is largely equivalent to the first phase transducer of Figs. 
2a and 2b; to this extent, see the description of it made there. The second phase 
transducer differs from the first phase transducer in that in each of the two 
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transducer wheels, two tracks are provided, and thus each of the two transducer 
wheels can also be assigned two sensors for the two tracks. 



The two transducer wheels and the two tracks associated with each transducer 
5 wheel are embodied such that the associated four sensors generate the output 
signals P1S1 , P1S2, P2S1 and P2S2 of Figs. 4a through 4d. This can be attained 
for instance by providing that the transducer wheels, already described, of Figs. 2a 
and 2b of the first phase transducer are used and are additionally each provided 
with a second track. This second track may be embodied for instance by suitable 
1 0 openings or the like in the respective transducer wheel. 

The output signal P1S1 corresponds to the individual phases of the engine of 
Fig. 1 . The output signal P2S1 always changes its value at every other transition 
between successive phases of Fig. 1 . The output signals P1S1 and P2S1 of Figs. 
15 4a and 4c correspond to the output signals P1 and P2 of Figs. 2a and 2b. 

The output signal P1S2 has successive 0 and 1 signals. The duration of the 1 
signals corresponds to a predetermined value, and the spacing of successive 1 
signals also corresponds to a predetermined value. 

20 

The output signal P2S2 is constructed in the same way as the output signal 
P1S2. However, compared to the signal P1S2, the output signal P2S2 is 
chronologically shifted by a predetermined value. 

25 In Figs. 5a through 5c, outcomes E1, E2 and E3 are shown, which among 

other things characterize the working phases of the various cylinders of the engine 
of Fig. 1. 

The outcome E1 of Fig. 5a corresponds to the outcome E of Fig. 3. The 
30 outcome E1 is the outcome of a combination of the output signals P1 S1 and 

P2S2, as follows: If P1S1 = 0 and P2S1 = 0, then E1 = Z1; if P1S1 = 1 and P2S1 
= 0, then E1 = Z3; if P1S1 = 0 and P2S1 = 1, then E1 = Z4; and if P1S1 = 1 and 
P2S1 =1,thenE1 =Z2. 
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The cylinder indicated in the outcome E1 is always the particular cylinder that 
is located in its working phase A. Thus by way of the outcome E1 , it can be 
ascertained at any time what phases the individual cylinders of the engine are 
currently located in. 

5 

The outcome E2 is the result of an AND operation on the two output signals 
P1S2 and P2S2. If the outcome E2 is equal to "1", then it characterizes the time or 
angle range in which a direct start of the engine appears readily possible. 

1 0 The outcome E3 is the outcome of an EXOR operation on the two output 

signals P1S2 and P2S2. If the outcome E3 is equal to "1", then it characterizes the 
time or angle range in which a direct start of the engine is possible only under 
certain peripheral conditions, for instance only at an engine operating temperature 
that is within a predetermined temperature range. 

15 

If neither the outcome E2 nor the outcome E3 is equal to "1", then a direct start 
does not appear readily possible, or at least not securely possible. 

In engine operation, for preparation for a direct start, the engine as it comes to 
20 a stop is purposefully moved into an angular position that is advantageous for the 
direct start. This can for instance, as already explained, be done as in DE 199 60 
984 A1. 

In an ensuing direct start, with the aid of the two output signals P1S1 and 
25 P2S1 of Figs. 4a and 4c, the particular cylinder of the engine that is currently in its 
working phase A is determined. This cylinder can be ascertained immediately with 
the aid of the aforementioned true-power-on sensors. 

After that, with the aid of the two output signals P1S2 and P2S2 of Figs. 4b 
30 and 4d, it is ascertained whether a direct start here is readily possible. This is true 
if the outcome E2 is equal to "1". If so, then fuel is injected first into the cylinder 
that is in its working phase A, and then ignited. Next, the fuel is injected 
successively into the further cylinders and ignited. This is done in accordance with 
the aforementioned known sequence of the cylinders. 
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If the outcome E2 is not equal to "1", but the outcome E3 is equal to "1", then it 
is checked whether the required peripheral conditions for a direct start are met, or 
in other words whether the engine has the required operating temperature, for 
5 instance. If so, the direct start is continued by providing that next, fuel is injected 
first into the cylinder that is in its working phase and the fuel is then ignited, and 
then the other cylinders are supplied with fuel and ignited in accordance with the 
known sequence. 

10 However, if it is found that the required peripheral conditions are not met, or if 
neither the outcome E2 nor the outcome E3 is equal to "1", then a direct start of 
the engine does not appear readily possible. In that case, other methods for 
starting the engine are used, which are not the subject of the present patent 
application. 

15 

The above-described methods for starting an internal combustion engine are 
performed by a control unit, which is quite commonly present for controlling and/or 
regulating the engine. In particular, the control unit can include a computer 
program with which the methods described can be performed. 
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